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ABSTRACT OF THE THESIS
No studies to date have identified consistent characteristics of wetlands that either
suppress or promote Lythrum salicaria (purple loosestrife) invasions. Because
microsite hydrology can playa fundamental role in plant community structure and L.
salicaria invasions are often patchy within a given wetland, I investigated the spatial
relationship between microtopography and L. salicaria patches in Quakertown Swamp
(Bucks County, PA). Data from an extensive site survey (816 points; 3 ha) were used
to create a microelevation contour map «130cm, I cm resolution) in ArcView 3.1.
Microsite hydroperiods were calculated based on elevations and water level data
collected (1 cm increments from April-December) with a data logger in a survey-
located monitoring well. I collected 3 vegetation indices for 42 species from 68
stratified random, plots (1 m2) within the marsh boundaries. Elevation significantly
influenced L. salicaria stem density (r2 = 0.27, P <0.0001) and % cover (FS,62 = 8.96,
P < 0.00l). Maximum stem densities (>75 stems per m2) and percent cover (90-100%)
occurred only within a 25 cm elevation range (60-85 cm relative elevation). The
microsite hydroperiod for this range was characterized by spring and fall flooding with
no summer flooding of thesites in 2003, a year of average rainfall amounts and pattern.
L. salicaria patches were significantly absent from low elevation sites «60cm relative
elevation; X2 = 17.47, dJ. = 5). This zone was flooded >50% of the growing season,
and was dominated by native macrophytes, such as Polygonum hydropiperoides (mean
relative elevation = 40 cm). L. salicaria density was negatively correlated with the
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combined site factors of P. hydropiperoides percent cover and relative elevation (r2 =
0.56, P < 0.001). Because 1. salicaria dominance is concentrated at mid-elevation
microsites (flooded in spring and fall, flood free in summer), a scattered distribution of
these microsites on hummocks could promote rates of1. salicaria invasion through
multiple foci points for seed germination. This could be followed by vegetative
persistence in surrounding hollows. An expanded survey of other wetland sites and
systems is needed to further identify the role of elevation or hydrology-aided
competition from native vegetation as a potential 'Achilles Heel' for 1. salicaria
invasions.·
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CHAPTER 1: BACKGROUND
Purple loosestrife (Lythrum salicaria) is an aggressive, exotic, perennial herb.
Numerous greenhouse and field experiments have demonstrated 1. salicaria's '
remarkable growth rates, high fecundity, and tolerance to a wide range of soil fertility
and flooding regimes, in comparison to other wetland dominants (e.g. Keddy et al.
1994; Mal et al. 1997; Weiher and Keddy, 1995; Thompson et al. 1987). Therefore, it
is not surprising that it has invad~ numerous wetland types throughout the United
States, in 42 of 50 states (USDA, NRCS 2002).
The primary focus of invasion ecology has been on characteristics of the invader and
not on the invasibility of the system. However, some systems are clearly more invasible
then others, Farnsworth and Ellis (2001) and Rachich and Reader (1999) have
identified varying degrees of invasion based upon site specific abiotic or biotic factors,
Le. flooding and herbivory, respectively.
An important abiotic factor in wetland systems that might influence the invasion pattern
of1. salicaria is hydroperiod. Hydroperiod, as defined by Mitsch and Gosseli~ (2000)
is the seasonal pattern of water level of a wetland or the frequency and duration of
flooding for the wetland. Slight changes in elevation « 1Oem) within a wetland cart
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often lead to a variety of hydroperiods throughout a single wetland complex. The
microsite hydroperiod is a function of the microsite relief within the wetland. A
negative relationship exists between the frequency and duration of flood events and
microsite elevation when dealing with a flat watertable (Fetter 1994). My goal is to
determine the relative influence of spatial variability in microsite hydroperiod on the
establishment ofL. salicaria within a single wetland.
Study species: Lvthrum salicaria
L. salicaria is one of the most invasive and persistent exotic plants to colonize
freshwater.wetlands ofNorth America (Stein and Flack, 1996). Once established, 1.
salicaria is extremely difficult to eradicate due to its persistent seed bank and high
tolerance of flood and/or drought conditions (Farnsworth and Ellis, 2001; Rawinski and
Malecki, 1984; Stevens et aI., 1997; Welling and Becker, 1990). Due to its negative
impact on plant and animal diversity (Rawinski et aI, 1984; Thompson, 1989; Kiviat et
aI, 2001), over $45 million are currently spent each year on control of this plant species
(Pimentel et aI. 2000). To date there has been no cost-effective method of control for 1.
salicaria, although biological control agents are showing some promise (Malecki et ,aI.
1993; Carroll 2000, Mullin, 1998). Kiviat and others (2001) note the paucity of
information on 1. salicaria that prevents the design of an effective eradication program.
Before natural areas can be reclaimed or protected from invasions of1. salicaria,
wetland stewards require predictive information on the causes or likelihood of invasion
in their specific wetland systems. My research attempts to discern a pattern of invasion
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which would allow land managers to focus resources on areas of increased
susceptibility.
No studies to date have identified any consistent characteristics of wetlands that
regulate 1. salicaria invasions within or between wetlands. The rates, patterns and
magnitudes of1. salicaria invasions vary not only among wetland types (e.g. fens or
stream corridors), but also within the same wetland types (Farnsworth and Ellis, 2001;
Thompson 1989; Mal et al. 1997a; personal observation). In a mesocosm study, Weiher
and Keddy (1995) found 1. salicaria was a significant member of the plant community
across the entire range of their environmental variables. Soil fertility and water level
were the two dominating environmental factors that determined the plant community
composition of their experimental plots.
Because 1. salicaria cover can persist as single plants, as multiple clumps, or as whole
wetland monocultures, site-specific characteristics (biotic and/or abiotic) appear to
regulate its population density and distribution. The densest patches appear to be
7
present in sites with long periods of soil surface exposure during non-flooded
conditions. Thus, I expect that hydroperiod, especially the frequency and duration of
flooding events, plays a strong role in the recruitment and growth of1. salicaria
populations.
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In wetlands, hydrology may be the single most important factor in the development of
vegetative community structure (Mitsch and Gosselink 2000). The flux of hydrological
inflows and outflows regulate not only the hydroperiod of a site, but also a wide range
ofphysicochemical soil properties (e.g. pH, soil fertility, duration of anoxic conditions:
Pezeshki 2001). Since the frequency and duration of flooding can vary tremendously
between patches with small differences in elevation «10 em), small microtopographic
differences may result in a diverse plant community structure (Titus 1990; Vivian-
Smith 1997; Magee and Kentula submitted). Vivian-Smith (1997) emphasizes the role
of hydrologic fluctuation in temporal differences in reduction-oxidation (redox)
conditions that would result in differences in soil nutrient availability.
1. salicaria has a wide tolerance to fluctuating hydroperiods or changes in the redox-
status of soil. Farnsworth and Ellis (2001) conducted a community-level study across a
range of temporal variability in soil oxidation, finding 1. salicaria in sites that were
periodically, seasonally, or rarely flooded. I expect that areas ofhigher
microtopographic relief may act as recruitment loci for 1. salicaria for two reasons.
First, seed germination of1. salicaria is greatest in unsaturated, exposed soil (Rawinski
et aI, 1984; Welling and Becker, 1990; Bender and Rendell, 2000). Second, patches of
intermediate elevation will undergo the most pronounced changes in total flooding days
(i.e. 50 to 0% total seasonal flooding), thereby selecting for plant species of high
physiological plasticity. In contrast, relatively low elevation sites will be dominated by
hydrophytic plants and relatively higher elevation sites will be dominated by upland
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plant species. 1. salicaria is among the most tolerant of wetland plants to varying water
levels, maintaining high photosynthetic rates, indirectly measured by biomass, under
both saturated and dry soil conditions (Rawinski et aI, 1984; Welling et aI, 1990;
Bender et aI, 2000). I expect that this physiological resilience to fluctuating water
levels allows 1. salicaria to invade and dominate sites of "flashy" hydrology, regardless
of whether the hydrology is the result of natural or anthropogenic forcing.
Although wetland hydrology naturally varies between seasons and years, fundamental
changes in mean annual water levels or in spatial water level variability can cause a
shift in plant community composition. Magee and Kentula (unpublished manuscript)
suggest that a change of±10 cm in the annual mean depth of surface water can promote
a shift in plant community's dominance from natives to invasive plants. In their three
year 43 site study, plant communities with the greatest native species richness occurred
under intermediate hydrologic conditions. Similarly, a recent study of community
assembly rules suggests that an increase in water level variability promotes lower
species richness (Weiher et al. 1998). Their observations, as well as my own personal
observations, imply that sites of sufficient hydrologic disturbance are most susceptible
to invasion by plants ofhigh physiologic plasticity. Simply put, these competitive
invaders (e.g. 1. salicaria) may be able to rapidly replace stressed vegetation, as well as
maintain high levels ofphotosynthesis despite great variations in water level.
Study Site: Quakertown Great Swamp
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Plant Community
The 230-hectare Great Swamp of Quakertown (Fig 1.1; Bucks County, Pennsylvania) is
locally and nationally (www.audubon.org and www.heritageconservancy.org) noted for
its significant Blue Heron rookery as well as its nesting/feeding values for other
waterfowl (EPA and Gannett Flemming 1993). 1. salicaria has formed patches of
varied size and density in the large, canopy-free areas within the wetland complex. For
this study, I define patch as a relatively discrete space with internal homogeneity and an
abruptness ofboundary with the surrounding 3 ha study site'around 1990. (Sharon
Yates, personal communication.).
The study site is dominated by shrubs and herbaceous species. The dominant
community type is a palustrine scrub/shrub wetland (PSS l/EM: EPA site evaluation,
1993). The dominant shrubs consist of Buttonbush (Cephalanthus occidentalis) and
Silky Dogwood (Cornus amomum). The dominant native herbaceous plants are
Tussock sedge (Carex stricta), Climbing Hempweed (Mikania scandens), and several
Polygonum species (e.g. mild water pepper, tear thumb).
Soils
The entire study site consists of a uniform soil type and texture (Clay loam) for the top
90 cm of the soil. The USDA soil map (sheet 19; Tompkins, 1975) indicates a
dominance of Hatboro (Ha) series soil present. Additional field data, three on-site soil
borings and one soil boring one mile south, confirm the soil maps and has suggested a
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homogenous soil texture and depth throughout the site (Table 1.1). The upper horizon
of the soil consists of approximately 91 cm of clay/ clay-loam texture, which has a
general hydraulic conductivity range of 10-6 to 10-9 cm S-1 (Fetter, 2001). The lower
soil horizon consists of a sparolitic material with a texture of loamy sand which has an
approximate hydraulic conductivity range of 10-5 to 10-3 cm S-1 (Fetter, 2001). The
difference in hydraulic conductivity effectively retards groundwater interactions
between the two horizons (Fetter, 2001).
Geology
The Great Swamp is underlain by Jurassic diabase which has intruded into the
surrounding Brunswick red-shale formation (Fig 1.2; EPA and Gannett Flemming
1993). The subsurface sills and sheets of the diabase have formed an impervious layer
resulting in a perched water table (EPA and Gannett Flemming 1993). Groundwater
movement and storage is restricted to fractures in the rock which generally decrease
with depth (EPA and Gannett Flemming 1993). There are no indications of rock
fractures in the underlying diabase (Fig. 1.2). The USDA soil survey indicates that the
depth to bedrock within Hatboro soils is within 1.5 to 3 meters of the soil surface
(Tompkins, 1975). Soil testing on an adjacent property (east) indicates contact with
unconsolidated diabase rock at less then 2 meters (Art Carlson, personal
communication). The hydrology of the Great Swamp is not significantly influenced by
regional groundwater.
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Hydrology
The primary hydrological inputs to this shrub-scrub marsh are: 1) Bog-Run creek which
is restricted downstream by a beaver dam, 2) surface and subsurface run-off from
adjacent slopes (> 8%), and 3) direct precipitation. The relatively, impermeable diabase
underlying the Great Swamp causes a perched water table and severely minimizes
groundwater interactions (EPA and Gannett Flemming 1993). The primary hydrologic
outputs are evapotranspiration and Bog-Run Creek.
Regional groundwater influence is not considered as a significant contributor to the
overall water budget of the study area due to the inherent geological and soil properties
of the site, as determined by USGS maps and soil testing with wells and piezometers
(Table 1.1). The majority of the marsh is characterized by a seasonally driven
hydroperiod: spring flooding, summer drawdown, and fall flooding cycle.
Microtopographic elevation differences, within the marsh boundary, determine the
frequency and duration of microsite flooding at different sites.
Hypothesis:
I propose that the sites most susceptible to 1. salicaria invasion will be evident at a
microscale in recently invaded wetlands. Before whole wetland communities will
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succumb to species invasions, vegetative responses to small changes in hydrology are
likely to be observed first in microsites within wetlands. I suggest that variations in
microtopography «1m) cause spatial and temporal heterogeneity in moisture content
and anoxic conditions, thereby promoting a patchy distribution of conditions promoting
the invasion ofL. salicaria. The quality of these habitats and the resilience (plasticity)
of these species may determine the susceptibility of these sites to invasion.
I hypothesize that the microsite elevation, and thus the microsite hydroperiod, influence
the distribution ofL. salicaria patches, density, biomass, and % cover. Specifically, the
density and vigor ofL. salicaria in the Quakertown Great Swamp will be a function of
microsite elevation. In this study, I tested the null hypothesis that elevation, and thus
hydroperiod, has no influence on L. salicaria patch distribution, density, biomass, and
percent cover.
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Table 1.1: Soil descriptions from three on-site and one off-site soil boring. Boring D
was sampled outside of research site, but within the Great Swamp boundary.
Soil Boring A - Monitoring Well (61 Soil Boring B - Nested Piezometer (122
em) em)
Horizon Horizon
Depth Soil Depth Soil
(cm) Color Soil Texture (cm) Color Soil Texture
10YR 10YR
0-7.5 2/1 Clay Loam 0-3 2/1 Clay Loam
7.5 -
61+ N 5/0 Clay Loam to Clay 3 - 90 N 5/0 Clay Loam to Clay
90 - 10YR Loamy Sand-
122+ 6/3 Saprolitic material
Soil Boring C - Nested Piezometer (120 Soil Boring D - off site 1 mile south
em) (l50em)
Horizon Horizon
Depth Soil Depth Soil
(cm) Color Soil Texture (em) Color Soil Texture
lOYR 10YR
0-5 2/1 Clay Loam 0-7 3/1 Silty Clay Loam
5 - 91 N 5/0 Clay Loam to Clay 7 - 96 N 5/0 Clay Loam to Clay
91 - lOYR Loamy Sand- 96 - 10YR Loamy Sand-
120+ 6/3 Saprolitic material 150 6/3 Saprolitic material
12
100 0 100 200 Kilometers~(~5iiiiiiiii~~~~5iiiiiiiiiiiiiiiii!
Figure 1.1: Location map of site. Map insert indicates the boundary of the Great
Swamp of Quakertown. The Black star marks the location of the study site. (75.30°
Lat, 40.43° Long.).
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Figure 1.2: Geological map of the study site. The study site is represented by the star
and is completely underlain by igneous diabase.
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Figure 1.2: Geological map of the study site. The study site is represented by the star
and is completely underlain by igneous diabase.
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CHAPTER 2: MATERIALS AND METHODS
Marsh Relief
An 816 point survey transect was conducted throughout the ~ 3 ha study area on April
6th and 12th, 2002, using a"'Topcon 303 base station (± 0.2 cm). The tree-line boundary
and far stream bank were established as the boundary limits of the study site. A blunt
structure (3 cm diameter) was placed on the bottom ofthe survey rod to equalize the
settling effect of the rod point into the mud. The survey was conducted before the
growing season in order to minimize the trampling impact on the vegetation. At the
time of sampling, the exposed soil surface was frozen to a depth of 5 cm and 2 cm of ice
covered the surface water of the marsh. Elevations were taken from the soil surface,
and not taken from: 1) tree stumps, 2) base ofhummock forming vegetation, 3) surface
roots, and 4) foot print depressions. Footprint depressions were minimized by frost-
hardened soil conditions and large surface area of my hip waders. I witnessed no
visible impacts of the survey on subsequent visits to the marsh.
At each survey point, the visual cover of the standing dead L. salicaria was observed
and recorded (Table 2.1). A cloth measuring tape was attached to the side of the survey
rod in order to measure the surface water depth at each survey point (±0.5 cm). The
elevation and location of the future monitoring well was also recorded. Survey point
elevations were referenced to an on-site permanent property monument. Marsh
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elevations were later referenced to the lowest marsh elevation point and boundary of
deep water habitat.
Survey data was later georeferenced with a Trimble GPS unit (Geo-explorer II) and a
bathymetry map of the site was generated with ArcView 3.2 (ESRI 1996). The survey
point elevations and locations were referenced from permanent property boundary
markers. In order to georeference the survey locations, the coordinates of five property
markers was obtained with the GPS unit. A rubber sheeting technique was utilized in
ARCINFO in order to bring the 816 survey points into georeferenced coordinates. The
coordinate system used for the maps is NAD 27, UTM meters. A digital elevation map
(DEM) with 1 cm resolution was generated from the georeferenced points and a 10 cm
contour map of the marsh was generated (Fig. 2.1 a, 2.1 b; ± 1cm).
Marsh elevations are relative to the marsh edge, the boundary between the lowest
elevation with the presence of rooted, vascular plants and deep water habitat. A total of
104m relief exists across the marsh site from the stream edge to the tree line, with 80%
of the marsh area existing at less than 100 cm relative elevation from the deep water
habitat. Marsh elevations are normally distributed within these boundaries (Fig. 2.10).
This data was utilized to map the microtopography of the site and the preliminary
location of patch sizes and distribution. With ArcInfo 7.1 software, the elevation of
points between each survey point was interpolated (kriged) into a map of the micro-
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scale "bathymetry" of the site. This map of microtopography (determined by the DEM)
was used to stratify the selection ofplot locations for vegetation sampling.
Marsh Hydroperiod
A monitoring well was installed to a depth of 61 em at a previously surveyed location to
measure the hydroperiod (Fig 2.2). The PVC monitoring well (5 em diameter)
contained holes (l cm2) every 10 em and was covered with nylon mesh (L'Eggs© panty
hose) to minimize sediment intrusions.
One monitoring well was considered sufficient for three reasons. One, the study area
was underlain by a uniform soil type and texture throughout study area (Hatboro series;
Table 1.1). Two, the narrow elevation gradient « 130 em) across this 3 ha marsh
proscribed an average 1% overall slope, suggesting that the water table would remain
relatively flat across the site. Three, a strong linear correlation was found between
surface water level and relative elevation during the elevation survey(Fig 2.3; r2 = 0.98,
P < 0.001). Because these factors suggest a flat water table throughout the marsh, I
consider watertable depth to be a direct function of the marsh relief, or soil surface
elevation.
A WL14 Global Water Logger (Global Water, Gold River, CA;
www.globalw.com/wI14manual.pdf) was installed in the monitoring well and measured
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the water table depth every half hour from April 5th to November 30th, 2002. The WLl4
uses an underwater pressure transducer with a range of 0 to 457 cm water level change
(±0.2% of range; i.e. ±1 cm). The operational temperature range of the WL14 logger is
between -400 C to 750 C.
The resulting 2003 growing season hydroperiod represents a typical fresh water, non-
tidal marsh of the eastern U.S. (Fig 2.4). A typical eastern U.S. fresh water, non-tidal
marsh will experience a spring flooding period, a summer drawdown period, and a fall
flooding period throughout the annual cycle (Mitsch and Gooselink 2000). The
seasonal hydroperiod recorded by the monitoring well appears to correspond to surfical
processes (throughflow, precipitation events, Bog-run Creek discharge). A moderately
strong relationship (r2 = 0.51 P < 0.01) exists between daily water level change (Wd)
and the volume of daily rainfall events (Fig 2.5). The Wd was calculated by subtracting
the 1st daily reading from the 48th (last) daily reading. The rainfall events were
measured as daily totals and therefore have a maximum resolution of one day. The
2002 annual rainfall amount (132 cm) is similar to the mean annual rainfall for
Quakertown Swamp (All. 1), and the seasonal pattern of rainfall in spring and summer
is within one standard deviation of totals measured since 1996 (AII.2, and AII.3).
Therefore, the hydroperiods measured in 2002 are representative of average seasonal
patterns.
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The watertable depth at the monitoring well was extrapolated across the marsh study
site, specifically to the elevation of the vegetative sample plots, with the following
equation:
(1)
Where; Wte = Water table depth at monitoring well
Tpe = Ground elevation at Test Plot
We = Ground elevation of monitoring well
J = Water table depth at test plot
Plant Community Sampling Procedure
A stratified-random sampling technique was developed based on sampling a minimum
of 10 vegetative sample plots for each 20-cm elevation increment, from the Bog-Run
bank to the terrestrial edge of the marsh. Coordinates for test plots were generated
from the marsh contour map (Fig 2.1 a, 2.1b) and entered as waypoints in a GPS unit
(Trimble Geoexplorer II) for plot location. Because of some limitations in using
waypoints to locate the selected plots (± 5m accuracy without differential correction),
GPS coordinate files, at each of the 68 sample plots, were collected and used to adjust
for any deviations from the original waypoint locations in the field. Differential
corrections, for each of the 68 sample plots, were 'obtained from the New Jersey
Department of Environmental Correction, Trenton, NJ (www.state.nj.us/dep/gis/). A
total of 34 sample plots deviated substantially (>3 m) from the original waypoint
location and 21 of the deviations resulted in slight elevation differences from the
original waypoints. Except for plots < 20 cm elevation and>120 cm elevation,
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however, the plots visited were evenly distributed across plot elevations, maintaining
the stratified-random sampling method (Fig 2.6, Fig 2.7).
Sampling was conducted in plots framed by a 1m2 PVC quadrant. All sample plots had
90-100% vegetative cover. Vegetative and reproductive indices of individual vigor
were collected during the month of September (end of the growing season) to minimize
the morphological variability related to vegetative and reproductive allocation patterns.
I used a sampling protocol, modified from the Ontario Biological Control Program,
(Blossey, 1997) that measured vegetative indices (percent cover, stem density, and
height of the five tallest individuals; Table 2) and reproductive indices (number of
inflorescences and maximum length of inflorescence for the five tallest L. salicaria
individuals; Table 2.2)
Soil cores (5 cm depth) were obtained from each of the 68 sample plots. Seed bank
measurements followed Hyatt and Casper (2000), whereby the soil cores were exposed
for germination in a seed bank experiment to determine the presence/absence ofL.
salicaria seeds. Soil cores were spread out across an 8 inch diameter tin tray layered
with perlite. Seed bank trays were then placed inside the Williams Hall Greenhouse
(Lehigh University), results were determined when the seeds germinated and reached an
identifiable size.
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Relationships between patch elevation (a proxy for hydroperiod), plant community
structure, and morphological measurements were determined by analyses of variance
(ANOVA's), chi-square "goodness of fit" tests, regression analyses, and correlation
analyses. One-way ANOVA tests were used to test the relationship between discrete
cover classes and elevation. Chi-square analyses were used to test the influence of
elevation on plant species distribution. Regression analyses were conducted to
determine the relative strength of the relationship between elevation (waterlevel) and 1)
1. salicaria patch density, plant height, and inflorescence metrics, 2) native species
density, Correlation coefficients (Pearson product moment correlations) are reported
for all analyses between variables with unknown dependence. All analyses were
performed with Statgraphics Plus 5.0 (Statistical Graphic Corp, 1994 - 2000). Only
contrasts significant at the 99% confidence level are reported, unless noted otherwise.
The 99% confidence level was established to reduce the chance of Type II errors (error
of commission) given the multiple contrasts being analyzed.
A hydrologic index, weighted by cover class, was generated for the dominate plant
species using the following equation (Gaudet and Keddy 1995):
Ei = I aijbj/ Laij (2)
Where; Ej = mean position of the ith species in the relative elevation gradient
aij = cover class of the ith species in the /h plot
bj =value of the relative elevation for that plot
Because microsite hydroperiods were directly related to elevation, regression analyses
were also used to determined the relationship between sample plot microsite
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hydroperiod (N = 68) and the reproductive and vegetative indices ofL. sa/icaria.
Microsite hydroperiods were determined by extrapolating average daily water table
depth from the monitoring well to the survey located elevations of the sample plots
throughout the marsh (Fig 2.8, 2.9, AlIA). Hydroperiods for the entire growing season
and for 3 separate seasons (spring, summer, and fall) and duration of initial continuous
flooding were compared with vegetative and reproductive indices.
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Table 2.1: Cover Class and competitive impact levels. Modified from the Ontario
Biological Control Program (Blossey, 1997).
Survey Symbol Cover Class % Cover
PO Not Present 0
PI Low 1-5
P2 Moderately Low 5-25
P3 Moderate 25-50
P4 Dominant 50-90
P5 Monospecific 90-100
Table 2.2: Sampling Protocol for I_m2 sample plots
N'tL th,yl rum sa ICarla ative speCIes
Percent Cover Percent Cover per species
Number of stems per plot Number of stems per species
Height (cm) for up to the 5 tallest Height (cm) for up to the 5 tallest
Number of inflorescences for up t05 tallest
Length of terminal inflorescences for up to
5 tallest
Number of flower buds in 5 cm of
inflorescence (5 replications)
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Figure 2.la: A Digital Elevation Model (DEM) of the study site. (±1 em) Extrapolated
from the 816 surveyed elevation locations.
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INTENTIONAL SECOND EXPOSURE
Figure 2.la: A Digital Elevation Model (DEM) of the study site, (±1 cm) Extrapolated
from the 816 surveyed elevation locations.
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Figure 2.2: Cross-sectional diagram of monitoring well and soil profile. Hydraulic
conductivity values were obtained from Fetter, 2001 Applied Hydrogeology.
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Figure 2.3: Surface water depth across marsh relief. r2 = 0.97, F1,509= 14,509; P <
0.001. Elevations are relative to the lowest elevation of the marsh, boundary of
deepwater habitat.
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CHAPTER 3: RESUTLS AND DISCUSSION
Results
A total of42 plant species was observed in the 68 plots (Table All!. I). Twenty-eight,
or 66%, of the plant species observed occurred in less then 6 of the sample plots.
Species richness was positively correlated with elevation (r = 0.64, p < 0.001, Fig 3.1).
L. salicaria dominated the sample plots and was present in 52 of the 68 plots. Fourteen
plant species were considered dominant, for comparison purposes, due to their
frequency of occurrence in more than 10% of the sample plots (> 8 plots; 14 species;
Table 3.1).
Plant physiognomy ranged from weak-stemmed herbaceous plants (i.e. Polygonum
hydropiper, P. hydropiperoides), to herbaceous vines (Le. Mikania scandens, P.
saggitatum), shrub-like species (Cephalanthus occidentalis and Cornus ammonium),
and monocots (Carex stricta, and Leersia oryzoides). Chi-square analyses indicate that
the presence or absence of 7 of the 14 dominant species was significantly influenced by
elevation classes (Table 3.1).
Vegetative indices
As hypothesized, L. salicaria cover class and stem density were positively correlated
(Fig 3.5; P < 0.05). L. salicaria stem density was related to elevation (Fig 3.6: r2 =
0.28; P < 0.01). Maximum stem density, within the sample plots, was observed within
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an elevation range of25 cm (60 - 85 cm relative elevation). A one-way ANOVA test
demonstrated that 1. salicaria cover class was related to elevation (Fig 3.7: FS,62 = 8.96,
P < 0.001). The majority of sample plots that were absent of1. salicaria were found
below 60 cm relative elevation (3 outliers within 60 - 80 cm range). Sample plots with
90-100% 1. salicaria cover were found only within an elevation range of 25 cm (60 -
85 cm relative elevation).
1. salicaria maximum height was not correlated with elevation, but 1. salicaria
maximum height increased logistically with 1. salicaria stem density (Fig 3.4: r2 = 0.31;
P < 0.01).
Reproductive indices
Reproductive indices showed no correlation with elevation. The maximum numbers of
inflorescence was not correlated with elevation (Fig 3.2a) nor with 1. salicaria stem
density. Maximum number of inflorescence, however, had a relatively, weak positive
correlation with maximum plant height (r = 0.432, P < 0.01). The maximum length of
inflorescence was not correlated with elevation (Fig 3.2b). Maximum inflorescence
length had a relatively weak, positive, linear correlation with 1. salicaria stem density (r
= 0.44; P< 0.01). Maximum inflorescence length had a moderately, strong, logistic
correlation with maximum plant height (Fig 3.3; r = 0.72; P< 0.01).
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Microsite Hydroperiods
1. salicaria stem density had moderately strong, negative linear relations with total
flood days, initial continuous flood days, and total spring flood days (Table 3.2: r2 =
0.17,0.17,0.15 respectively; P < 0.01). 1. salicaria maximum plant height had a
relatively weak, negative, linear, correlation with total flood days and total spring flood
days (r = -0.28, P < 0.05).
The dominant species (N = 14) had distinct variation in their mean distribution and
overall range across the marsh relief (Fig 3.8). 1. salicaria had a mean elevation of 74
cm, and was present within the greatest range of elevations (92 cm), from the highest
plot sampled (relative elevation = 117 em) to nearly the lowest plot sampled (relative
elevation = 25 cm). In contrast, Carex stricta had the narrowest elevation range (30
em) within the marsh site, from relative elevations of 70 to 100 cm. P. hydropiperoides
preferred the lowest elevation sites and hence the greatest flooded conditions. It was
found within the range of 12 to 83 em relative elevation (71 em), with its mean
elevation occurring at 43 em. In contrast the species most restricted to the higher
elevation "drier sites" was Cornus amomum. Its mean elevation was 93 em, with a
range from 62 to 110 em (48 cm).
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Microsites with relative elevations less then 25 cm contained less then 4 species. These
sites were characterized by a continuous spring and summer flooding of at least 130
days and frequent and prolonged flood events throughout the growing season (Fig 2.8,
2.9, AlIA). P. hydropiperoides, Chrysosplenium americanum, Eleocharis olivacea,
and Nuphar lutea preferred these low elevation habitats (Fig 3.8). Specifically, a
temporal shift in species dominance was observed between Nuphar lutea (April to mid
July) and Eleocharis olivacea (Mid-July to November) at low elevation microsites
within the study area (personal observation).
Microsites with elevations greater then 80 cm higher typically had>7 species per
sample plot. These sites were characterized by an absence of a spring flooding and
relatively little flooding « 22 days overall) but a greater variation in the number of
flood events (Fig 2.8,2.9, AII.4; 0-7 events).
Lytlzrum salicaria correlations with community structure
Elevation alone explained 38 % of the variation in L. salicaria density (Table 3.4; r2 =
0.38, P < 0.0001). When Polygonum hydropiperoides cover class was included in a
multiple regression, this additional information improved the predictability of the of
stem density to 56% (Table 3.4, Fig 3.10; r2 = 0.56, P < 0.0001). In plots containing C.
occidentalis, L. salicaria stem density had a moderately strong negative correlation with
elevation (r2 = 0.45, p < 0.001). Figure 3.11 illustrates the patch dynamics of the
study area for five dominant marsh species, including L. salicaria. P. hydropiperoides
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and Cephalanthus occidentalis, were the only native species to demonstrate a
correlation between individual native cover class and L. salicaria stem density. The
percent cover of L. salicaria was negatively correlated with species richness (r = -0.53),
but this was true for other species as well (All!. 1). In fact, the correlation 'of
Polygonum hydropiperoides cover with species richness had the greatest negative slope.
(r = -0.66)
Seed Bank Experiment
L. salicaria seedlings emerged from 91 % of the soil samples collected. Therefore, 62
of the 68 sample plots had L. salicaria seeds present (Table 3.3a). These plots were
distributed across the entire elevation gradient sampled (12 cm to 110 cm relative
elevation). The soil samples containing L. salicaria seeds came from plots with L.
salicaria adults, as well as plots with no L. salicaria adults present. Notably, seeds
germinated from soil samples from 15 of the 16 plots with a no L. salicaria adults
(Table 3.3b; 93%).
Discussion
The data supports the hypothesis that L. salicaria density and canopy cover are
influenced by microtopographic differences in elevation. This is likely due to the
influence of elevation on flooding regimes, as a small rise in elevation «20 cm) can
lead to less frequent and shorter periods of flooding. The data suggest that minor
differences in hydroperiods, especially in spring flood durations and mean annual water
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level, affect L. salicaria stem density and canopy coverage, either directly or indirectly
through plant competition. The data also suggest that 1. salicaria distribution is driven
by hydrologic conditions and not transport limitation of seeds within the marsh
boundaries. In contrast with stem density and cover, elevation had no effect on
maximum inflorescence size, maximum inflorescence production, or plant maximum
height.
As stated previously, L. salicaria was first observed in the study site approximately 15
years ago (Sharon Yates, personal communication). The present pattern of the invasion
is dependent upon the cumulative historical influence of the abiotic and biotic properties
of the marsh.. Specifically, the pattern of invasion is dependent upon past hydroperiods
and cumulative competitive interactions with neighboring species. The native
competitive interactions and the historical microsite hydroperiod will influence the
invasion pattern through 1) L. salicaria seed germination on exposed microsites and 2)
the vegetative persistence and spread of the adult forms.
The present invasion pattern identifies a maximum 1. salicaria density and cover with a
25 cm relative elevation range (60 to 85cm). Dominance of1. salicaria (90 - 100%)
was only found within this range. The microsites within this range are characterized by
flooding in spring and fall but a lack of summer flooding. Further, it is this elevation
zone that in 2002 experienced the most variation in hydroperiods due to small changes
in elevation. Within this 25 cm range, the microsites experienced from 50% (60 cm) to
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10% (85 em) total growing season flooding in 2002. In support of observations by
Magee and Kentula (unpublished manuscript), a change of a few centimeters in
elevation significantly alters the microsite hydroperiod in Quakertown Swamp.
This mid-elevation zone is ideal for the phenotypically plastic L. salicaria , since its
flashy hydrology is best tolerated by plant species with plastic growth allocation. L.
salicaria demonstrates a number of traits that make it well adapted to variable flood
regimes. One, rapid root growth allows rapid aerenchyma production and associated
changes in root morphology for quick responses to flooding levels (Stevens et al. 1997).
Two, L. salicaria can alter its leaf morphology and light saturation points in response to
surface flooding of young leaves (Thompson et. al. 1987). Three, its high stomatal
density and transpiration rates allow it to "de-water" the soil in its rhizosphere more
rapidly than many other wetland co-dominants. Thus, it may be more responsive and
adaptable to the rapidly changing hydrology, while the native obligate and facultative
wetland species reach their habitat ranges.
It should also be noted that this mid-elevation zone appears to be the range most
actively colonized by L. salicaria, whereby plots in this zone that are dominated by
native species are most likely to have had new L. salicaria recruitment in 2002 (Fig
3.6). This pattern of active colonization may account for the lack of correlation
between reproductive and vegetative vigor with elevation; the active invasion leads to a
wide range ofL. salicaria ages in these plots and thus a wide range of productivity.
41
L. salicaria density and percent cover are significantly absent from relative elevations
greater than 85cm. There was very little to no seasonal flooding at these sites « 22
total flood days), with most flooding occurring in early spring and late fall. The greatest
species richness was found in plots> 80 cm relative elevation, and occurrences of
Comus amomum, Carex stricta, Polygonum saggitatum, and Impatiens capensis were
concentrated above this threshold (Fig 3.8). In particular, Carex stricta demonstrated
the greatest habitat restriction, it was found only in sample plots between the elevation
range of70 and 100 cm (Fig 3.8).
L. salicaria density and percent cover decrease below 60 cm relative elevation. This
zone is characterized total flood days encompassing 50% (60 cm) to 100% «25 cm) of
the total growing season specifically, summer flooding increases with the decreasing
elevation. Microsite flooding can have two major impacts on L. salicaria
establishment. The necessary conditions for seed germination are greatly reduced.
Seedling germination requires an exposed, moist soil surface with a temperature greater
then 15 to 20°C (Shamsi and Whitehead 1974, Welling and Becker 1990). An increase
in total seasonal flooding coupled with the subsequent shading effect of the native
vegetation, further into the growing season, results in a decreasing 'window of
opportunity' for seed germination. An increase in total flooding, and subsequent
decrease in redox potential, should also limit L. salicaria dominance. Redox potential
may largely influence the competitive performance of L. salicaria in relation to the
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obligate wetland native species, as increasing magnitudes and durations of anoxic
conditions may limit 1. salicaria's persistence and vegetative spread, as well as
germination.
The patterns observed here suggest that elevation influences L. salicaria density, but do
not demonstrate whether this effect is through direct or indirect processes. For
example, the absence of 1. salicaria in regularly flooded locations (Fig 3.6, 3.7;
elevations less than 25 em) in the study site is not necessary a physiological limitation.
1. salicaria has been found at microsites that exhibit permanent flooded conditions
(personal observation; Keith Edwards 2001; SWS, Keddy and Weiher 1995; Su Fanok
TNC personal communication). Whereas slight elevation differences may correspond
to differences in nutrient availability in other systems (e.g. Vivian-Smith 1997), a lack
in spatial differences in porewater nutrients (NO), P04; Fig AI.3, AlA respectively),
conductivity (Fig A1.I), and pH (5.7-7.5, Fig A1.2) across the site further suggests that
microsite hydroperiod, directly or indirectly, is the primary factor determining 1.
salicaria patchiness within the marsh.
I propose that 1. salicaria dominance is limited to the mid-elevation zone primarily due
to pronounced competition from specialist plant species at the extremes of the flooding
gradient. The relationship between 1. salicaria and P. hydropiperoides suggests a good
example of hydrology-aided competitive exclusion. I propose that P. hydropiperoides
may confer resistance to 1. salicaria invasion where present. The relationship between
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elevation and L .salicaria density was dramatically enhanced by including P.
hydropiperoides cover in the predictive model (Table 3.4). Whereas elevation
explained 28% of the variance in L. salicaria density, 56% of the variance in L.
salicaria density could be explained by including P. hydropiperoides cover in a
multiple regression model. Although L. salicaria cover and stem density declined as
marsh elevation decreased, the presence of P. hydropiperoides significantly enhanced
this decline with elevation. A similar pattern is seen in higher elevation plots, whereby
C. occidentalis cover along with elevation have a moderately strong negative influence
on L. salicaria stem density (r2 = 0.44, p < 0.001).
The seed bank experiment demonstrated that L. salicaria seeds were present throughout
the study site and elevation gradient, despite the presence or absence of the adult
individuals. The pattern of L. salicaria patches, therefore, appears to be site-limited
rather than transport-limited. This is not surprising considering sheet flow ofwater
across the wetland, the seasonal fluctuations in water level (Fig 2.4) and vast seed
production capability of L. salicaria provide ample opportunity for seed dispersal (> 1
million seeds per individual per year; Welling and Becker 1990). Although nearly
every plot contained germinable seeds under greenhouse conditions, only two plots (n =
68) were observed that contained L. salicaria seedling emergence, during late August.
The majority of L. salicaria stems appeared to originate from existing root stock of
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varymg ages. Clonal growth and vegetative persistence, rather then sexual reproduction
(i.e. seed dispersal/germination) appear to determine community dominance within the
marsh. Monotypic patches can be observed for many of the dominant species; i.e.
Carex stricta, Cephalanthus occidentalis, Polygonum hydropiper, P. hydropiperoides.
In these systems, 1. salicaria's immense seed yield and high germination rate will not
offer an advantage. Rather, site limitations on germination and/or persistence will
determine 1. salicaria's rate and pattern of spread within a wetland rather then its seed
production and dispersal.
Due to these patterns observed in 1. salicaria dominance and persistence, I also suggest
that the vulnerability of a freshwater marsh to invasion by 1. salicaria can increase with
heterogeneous microtopography. (Fig 3.12). Ifre1atively high elevation habitats,
characterized by little to no summer flooding, are dispersed throughout a site, they can
create multiple foci points for invasion for 1. salicaria. Water dispersal of seeds and
their germination on these higher 'mounds' can later promote vegetative dispersal to the
lower elevation microsites with prolonged flooding. Alternatively, large individuals of
1. salicaria may be able to decrease flooding within their rhizosphere. Field
measurements of1. salicaria' transpiration rates confirm high transpiration rates and
high stomatal densities compared to Typha spp., a common co-dominant (personal
observation; Weixing Zhu, personal communication; Richard Niesenbaum, personal
communication). Therefore, vegetative integration between stems in different
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environments (higher vs.lower; wetter vs. drier) may allow persistence and further
spread throughout the marsh despite its microtopographic variability.
Multiple foci points can increase the rate of spread of invasive plants (Burk and Grime
1996; Moody and Mack 1988). In contrast, wetland habitats with a low, homogenous
microtopography may experience a lower invasion rate, due to their lower number of
potential foci points (Fig 3.12). As illustrated by Vivian-Smith (1997),
microtopographic variability can promote species diversity by providing a variety of
hydroperiods within a single site. However, with the presence of invasive species such
as 1. salicaria, microtopographic variability may lead to a decrease in species diversity
if1. salicaria populations spread from multiple loci, thereby establishing a
monospecific stand.
A combination ofcontinuous spring flooding and the presence of competitively superior
native species could be the 'Achilles' Heel' limiting 1. salicaria invasion in many sites.
Land managers could potentially use this information to maximize their control
methods by focusing their efforts on mid-elevation areas ofhigh topographic variability.
Wetland areas experiencing little-to-no summer flooding may be highly susceptible to
1. salicaria invasion, through colonization and replacement ofnative species. A map of
site microtopography «10 cm contours) offers a relatively inexpensive and time-saving
tool for land managers to prioritize site specific control methods. Map creation is
particularly cost-effective if elevation can be inferred from the presence of indicator
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speCIes. Further research, in other wetland locations and types, is needed to determine
if elevation and/or native species cover can be used as a predictor of L. salicaria
dominance.
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Table 3.1: Population and community structure of the marsh. NS denotes no
significance. ANOVA analysis of elevation vs. cover class results have a P value <
0.05. Regression analysis has a p value < 0.001. 68 sample plots spanned an elevation
gradient from 12 cm to 117 cm (relative to marsh stream edge). X2analysis is based
upon presence (P) or absence (A) along the elevation gradient.
x2 (d.f. =
Polynomial
ANOVA Regression
5,11.05) results results
# of species Elevation Stem
Plots % elevation vs. Cover density vs.
Species Present Occurrence ranJ?;e Class Elevation
Polygonum.
hydropiper 30 44 NS NS NS
Mikania *F4,63 =
scandens 30 44 NS 4.22 Ns
P:0-60 cm
P. A:60- *FS,62 =
hydropiperoides 27 40 120cm 11.85 **r2= 0.29
Leersia *F26S=,
oryzoides 23 34 NS 3.50 Ns
P:80-
120cm *FS,62
P. saggitatum 20 29 A:0-80cm =8.16 **r2= 0.12
P:80-
Impatiens 120cm *F3,64 =
capensis 17 25 A:0-80cm 13.51 **r2= 0.21
Cephalanthus *FS,62 =
occidentalis 16 24 NS 3.20 **~ = 0.22
Cuscuta *F1,66=
wonovii 13 19 NS 4.79 NS
Peltandra
virginica 11 16 NS NS NS
Cornus *FS,62
amomum 10 15 NS =3.32 NS
P:0-20cm
Eleocharis A:20-
olivacea 8 12 120cm NS NS
P:0-20cm
Chrysosplenium A:20-
americanum 8 12 120cm NS NS
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Carex stricta
*p < 0.05
**p < 0.01
8 12
P:80-
100cm
A:0-80cm NS NS
Table 3.2: Relationships between L. salicaria and various microsite hydroperiod
characteristics. (P < 0.001)
independent variable r 2
initial continuous flood days 0.27
spring flood days 0.28
spring flood events Ns
summer flood days 0.25
summer flood events 0.16
fall flood days 0.2
fall flood events Ns
total flood days 0.28
total flood events Ns
total flood days x total flood events 0.34
spring flood day x spring flood events Ns
Relative elevation 0.28
49
Table 3.3a: L. salicaria seed germination across marsh relief. Bold face numbers
indicate the number of plots (N = 68). Percent of plots within each elevation class is
identified.
80- 100-
Elevation Ran2es (em): 0-20 20-40 40-60 60-80 100 120
Plots with no L.
salicaria seed
2ermination 6 0 0 12 8 8 50
Plots with L.
salicaria seed
2ermination 62 100 100 88 92 92 50
Table 3.3b: L. salicaria seed germination compared to plots with and without adult 1.
salicaria. It is important to note that 93% of the plots that had no adult 1. salicaria
contained germinating seeds of1. salicaria. This strongly suggests a non-transport
limited environment for 1. salicaria.
Plots with Plots with no
L. salicaria L. salicaria
adults adults
Plots with L. salicaria 47/52
seed eermination (90.4%) 15/16 (93.8%)
Plots with no L.
salicaria seed
eermination 5/52 (9.6%) 1/16 (6.3%)
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Table 3.4: Multiple regression to detennine L. salicaria density from elevation and P.
hydropiperoides cover classP < 0.001
Independent Variable Regression coefficient (rl )
P. hydropiperoides cover class 0.26
Relative elevation 0.38
P. hydropiperoides cover class and 0.56
Relative elevation
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Figure 3.1: Positive correlation between species richness and marsh relief. P<O.OOI
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Figure 3.2a: 1. salicaria reproductive vigor, maximum # of inflorescence, across the
marsh relief. Maximum inflorescence was measured from the five tallest individuals
from each plot. The error bars represent the standard deviation of each plot (n = 5). No
relationship exists.
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Figure 3.2b: 1. salicaria reproductive vigor, maximum length of inflorescence, across
the marsh relief. Based upon the five tallest individuals from each plot. The error bars
represent the standard deviation of each plot. No relationship exists.
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of1. salicaria. Error bars indicate standard variation of the replicates in each plot
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Figure 3.4: Relationship between maximum plant height and stem density ofL.
salicaria. (r2 = 0.309; P < 0.001).
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Figure 3.5: Relationship between L. salicaria stem density and subsequent percent
cover. Letters denote differences between cover classes at the 95% confidence interval.
P < 0.05
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Figure 3.6: Density ofL. salicaria across the marsh relief. 'Y-error' bars indicate the
difference between the maximum and minimum abundance. The dashed line indicates
the maximum abundance of L. salicaria across the elevation gradient. The percent of
total growing season flooding is indicated below the x-axis.
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1. salican'a percent cover across marsh
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Figure 3.7: Box and whisker plot of the elevation range ofL. salicaria cover classes.
Cover Class 5 is completely contained within a 25 cm elevation range (60 - 85 cm). L.
salicaria is significantly absent below 60 cm and present between 60 to 100cm (X2dJ.5 =
17.4) Letters denote significant differences between cover classes at 95% confidence
intervals (P < 0.05).
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Figure 3.8: Elevation index of the dominant plant species (N = 14). Index is based
upon the percent cover of each species across the sampling plot elevations (Equ. 2).
Bars indicate the total elevation range of each species.
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Figure 3.9: Relationship between Polygonum. hydropiperoides cover class and the
density of L. salicaria. Note: Cover class 5 (N=16) has a total of 10 plots with 0 stems
of L. salicaria.
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Figure 3.10: Accuracy results ofL. salicaria density model, based upon the influence
ofP. hydropiperoides cover class and elevation. (r = -0.75, P < 0.01, y = 11.2889 +
0.624509*normalized elevation - 6.27587* P. hydropiperoides cover class.
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Figure 3.11: Community patch dynamics of 6 dominant marsh species within the study
site. '
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N = 24 potential invasion directions
N =!i potential invasion directions
Figure 3.12: A diagram illustrating two possible invasion scenarios based upon the
spatial distribution of site topography. (a) Represents a site with a spatially variable
topography which allows for multiple foci invasion points. (b) Represents a site with a
spatially homogenous topography which allows a limited number of foci invasion
points.
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APPENDIX I: ABIOTIC PROPERTIES OF THE MARSH
Study Site Chemical Properties
Pore water samples were collected at the end of every month (when possible) from
April to November, 2002. Samples were only collected if the water table was above the
ground surface. Three sampling locations were selected in order to determine any
change in water chemistry throughout the study site. The three locations are listed
below.
1. Entrance point of Bog-Run Creek - under the Rt. 313 bridge
2. Midpoint of the marsh - Monitoring Well
3. Exit point of the marsh - marsh edge at permanently flooded area
Conductivity and pH were measured immediately upon return to the lab. Pore water
samples were then filtered through a Whatman glass microfiber GF/F filter (25 mm)
and frozen for nutrient analysis at a later date.
Conductivity was measured with an Orion basic conductivity meter (modell05Aplus).
The standard error for the instrument is within .5% of the full scale reading range (200
to 1999 Il S). A temporal and spatial pattern is evident in the conductivity
measurements (Fig. 16). Conductivity rises in the summer months probably resulting
from a combination of increased evapotranspiration and decreasing water level. As the
water table within the marsh rises in the fall, conductivity decreases.
pH was measured with a PerpHect meter (model 310). The instrument has a range of 0
- 14.00 with an accuracy ofplus or minus 0.02. The temporal and spatial range of pH
was within 5.7 and 7.5 (Fig. 17). N03 and P04 were meas~red using the nutrient
analyzer. This instrument has a: detection limit of 0.1 ppm for N03 and 10 ppb for P04.
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No seasonal or spatial pattern is evident for either N03 or P04 (Figure 18, 19). The
results demonstrate spatially and temporally low nutrient levels, many samples were
below detection level.
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Figure Al.I: Spatial and temporal pattern of surface water conductance. Error bars
represent the instrumentation margin of error (±O.5%)
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Figure A1.2: Spatial and temporal pattern of surface water pH. Error bars represent the
instrumentation margin of error (±O.02)
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Figure A1.3: Spatial and seasonal pattern of surface water N03 concentration.
Smoothed lines were added to demonstrate general nutrient patterns. Error bars
represent the standard deviation between replicates. NS = No Sample, BD = Below
Detection level
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APPENDIX II: CLIMATE AND HYDROPERIOD
Total Annual Precipitation
120 --
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Figure AII.I: Total annual precipitation for 1996 to 2002. Solid line indicates annual
mean precipitation (132 em). Dashed lines represent the standard deviation from the
mean (31 em). Daily rainfall totals obtained from the Quakertown Waste Water
Treatment Plant « 1 mile from site).
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Figure AII.2: Total spring rainfall for 1996 to 2002. Solid line indicates mean spring
rainfall (30 em). Dashed lines represent the standard deviation from the mean (l0 em).
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Figure AII.3: Total summer rainfall for 1996 to 2002. Solid line indicates mean
summer rainfall (26 em). Dashed lines represent the standard deviation from the mean
(7 em).
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Figure AII.4: The seasonal and spatial distribution of flood events throughout the
sampling season. (AprilSth to November 30th 2002, N= 240 days).
76
Table AII.t: Seasonal hydroperiods for the vegetative sample plots. N = 68. NA = not
applicable.
Summer(n =
Spring (n = 78) 78) Fall ( n = 84)
Max
#of #of and #of Max Total
Relative Flood Max and Flood Min Flood and Min Flood
Elevation Events Min days Events days Events days Events
62 3 6 to 56 0 NA 1 NA 4
80 3 2 to 3 0 NA 2 1 to 9 5
109 0 NA 0 NA 0 NA 0
58 1 NA 1 NA 1 NA 3
75 3 1 to 7 0 NA 5 2 to 32 8
74 4 1 to 7 0 NA 3 2 to 36 7
64 3 3 to 50 1 1 1 NA 5
78 3 2 to 6 0 NA 4 1 to 10 7
69 5 1 to 26 0 NA 1 NA 6
64 3 3 to 50 1 1 1 NA 5
61 3 5 to 56 1 1 1 NA 5
95 1 NA 0 NA 0 NA 1
97 0 NA 0 NA 0 NA 0
68 4 1 to 28 0 NA 2 5 to 51 6
72 5 1 to 10 0 NA 2 13 to 36 7
75 4 1 to 7 0 NA 3 2 to 36 7
97 0 NA 0 NA 0 NA 0
71 4 1 to 23 0 NA 1 NA 5
62 3 5 to 54 1 NA 1 NA 5
46 1 NA 2 3 to 25 1 NA 4
56 1 NA 1 NA 2 1 to 61 4
50 1 NA 1 NA 2 2 to 62 4
97 0 NA 0 NA 0 NA 0
10 to
36 1 NA 2 38 4 1 to 65 7
37 1 NA 4 1 to 37 3 1 to 65 8
77
77 3 2 to 7 0 NA 5 2 to 21 8
87 1 NA 0 NA 0 NA 1
69 5 1 to 26 0 NA 1 NA 6
19 to
25 1 NA 2 58 1 NA 4
47 1 NA 2 2 to 25 1 NA 4
70 4 1to 25 0 NA 1 NA 5
15 1 NA 1 NA 1 NA 3
39 1 NA 3 2 to 34 2 2 to 65 6
19 to
25 1 NA 2 58 1 NA 4
64 3 3 to 50 1 NA 1 NA 5
77 3 2 to 6 0 NA 6 1 to 15 9
37 1 NA 3 1to 37 2 2 to 65 6
32 1 NA 4 1to 40 3 4 to 66 8
34 1 NA 6 1to 39 3 3 to 66 10
52 1 NA 2 2 to 17 2 2 to 62 5
90 0 NA 0 NA 0 NA 0
83 2 1 to 3 0 NA 0 NA 2
41 1 NA 4 1to 30 2 1 to 65 7
34 1 NA 5 1to 39 3 3 to 66 9
41 1 NA 4 1to 30 2 1 to 65 7
39 1 NA 2 5 to 34 2 2 to 65 5
19 to
25 1 NA 2 58 1 NA 4
94 1 NA 0 NA 0 NA 1
19 to
25 1 NA 2 58 1 NA 4
62 3 5 to 54 0 NA 1 NA 4
12 1 NA 1 NA 1 NA 3
18 1 NA 1 NA 1 NA 3
63 3 3 to 50 1 NA 1 NA 5
90 1 NA 0 NA 0 NA 1
37 1 NA 3 1to 37 3 1 to 65 7
46 1 NA 2 3 to 25 1 NA 4
78
77 3 2 to 6 0 NA 6 1 to15 9
98 0 NA 0 NA 0 NA 0
100 0 NA 0 NA 0 NA 0
81 2 3 to 3 0 NA 3 1 to 3 5
61 3 5 to 56 1 NA 3 1 to 3 7
86 1 NA 0 NA 1 NA 2
110 0 NA 0 NA 0 NA 0
62 3 5 to 56 0 NA 1 NA 4
95 1 NA 0 NA 0 NA 1
35 1 NA 5 1 to 38 3 3 to 65 9
117 0 NA 0 NA 0 NA 0
101 0 NA 0 NA 0 NA 0
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APPENDIX III: PLANT AND COMMUNITY STRUCTURE
Table AIII.I: List of species found in the vegetation sample plots. Impact on species
richness was based upon individual species cover class (p < 0.01).
Correlation between
# of plot %of Species Richness and
Species occurrence occurrence Cover Class
r = -0.53, y = 2.935 +
Lythrum salicaria 51 75 0.867*x
Polygonum hydropiper 30 44 Ns
r = -0.33, y = 4.365 +
Mikania scandens 30 44 0.831 *x
Polygonum r = -0.66, y = 6.321 -
hydropiperoides 27 40 0.801 *x
Leersia oryzoides 23 34 Ns (only cover class 0-2)
r = -0.40, y = 4.434 +
Polygonum saggitatum 20 29 0.91O*x
Impatiens capensis 17 25 Ns (only cover class 0-3)
Cephalanthus
occidentalis 16 24 Ns
Cuscuta gronovii 13 19 Ns (only cover class 0 -1)
Peltandra virginica 11 16 Ns
r= -0.37, y = 4.613 +
Cornus amomum 10 15 0.822*x
Eleocharis olivacea 8 12 Ns (creeping)
Chrysosplenium
americanum 8 12 Ns (creeping)
r = -0.40, y = 4.646 +
Carex stricta 8 12 1.268*x
Coreopsis tripteris 6 9 Not Applicable
Pilea pumila 5 7 Not Applicable
Carex spp. 5 7 Not Applicable
Solanum dulcamara 4 6 Not Applicable
Rosa rugosa 4 6 Not Applicable
Typha angustifolia 3 4 Not Applicable
Lonicera japonica 3 4 Not Applicable
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Grass spp. 1 3 4 Not Applicable
Unidentified Vine 1 2 3 Not Applicable
Solidago altissima 2 3 Not Applicable
Scleria spp. 2 3 Not Applicable
Scirpus cyperinus 2 3 Not Applicable
Polygonum spp. 2 3 Not Applicable
Unidentified Dieot 1 2 3 Not Applicable
Juncus effusus 2 3 Not Applicable
Cornus sericea 2 3 Not Applicable
Tussilago farfara 1 1 Not Applicable
Solidago neglecta 1 1 Not Applicable
Smilax herbacea 1 1 Not Applicable
Rorippa sylvestris 1 1 Not Applicable
Rosa multiflora 1 1 Not Applicable
Onoclea sensibilis 1 1 Not Applicable
Nuphar lutea 1 1 Not Applicable
Grass spp. 2 1 1 Not Applicable
Unidentified Dicot 2 1 1 Not Applicable
Cerastium spp. 1 1 Not Applicable
Boehmeria cylindrica 1 1 Not Applicable
Acorus americanus 1 1 Not Applicable
81
>-rj
.....
CD
.g
g
~
o
.-..,
o
a
a
~
:::l
a
CD
c;o,
C>
V>
C>
# of plots
N W .j:>.
C> C> C>C>C>
Lythrum salicaria
Polygonum hydropiper _
Mikania scandens
Polygonum pennsylvanicum
Leersia olyzoides
Polygonum sagitta tum
Impatiens capensis
thus occidentalis
Cuscuta gronovii
Peltandra virginica
Comus amomum
~ ~ ,---
(1) .... I
""l(Jel,
(1) C !
..,:8> ~ !§ t:: I
0. ~ I
......
:;:3 ~,
0\ •• I
00 CZl 1
en '"0 ,
S (1) ,8.
1
1
'"0 (1)
_en
(1) 0 I
'"0 g Ios::: I
r'" ~ 'I' Eleocharis olivaceag Chlysosplenium american.um
(1) I Carex strlcta
:s 1 Coreopsis tripteris
::;.." i Pilea pum ila
e: I Carex spp.
:;:3 , Solanum dulcamara
go : Rosa rugosa
(1) I Typha angustifolia
ci5 i Lonicera japonica
(JQ I Grass Sj?,p. I
~ II Unidentified I ine I§.. Solidago altissima
-< , Scleria spp.~ ! Scirpus cyperinus
E : Polygonum hydropiperoides
::::l I Unidentified Dicot I
'E. : Juncus effusus
(1) I Comus sericea _
'E.I Tussilago farfara~ Solidago negfecta '
VJ I' Sm ilax herbacea
~ I Rorippa sylvestris
N ; Rosa multiflora
'E. I Onoclea sensibilis§ I Nuphar lutea
....... , Grass spp. 2
.gj ; Unidentified Dicot 2
(1) I Cerastium spp.
8. : Boehmeria cylindrica
~ 1 AcQLHHll11eriqgl11H... t' '--
00
N
VITA
Joseph W. Corona Jr.
PERSONAL INFORMATION:
Date of Birth: 11 /06/1973
Place of Birth: Lake Vostok, Antarctica
135 South Mine Road Quakertown, PA 18951
jwc7@lehigh.edu
267-475-9043
Parents: Joseph S. and Teresa M. Corona
CAREER FOCUS:
Environmental consulting to maximize economic goals while minimizing
environmental impacts
. EDUCATION
Ph.D. candidate, 2003 - present: Ecology - Lehigh University, Bethlehem PA
M.S. May 2003: Ecology - Lehigh University, Bethlehem, PA
Cumulative GPA = 3.7/4.0
B.S. May 1997: Soil Science - Delaware Valley College, Doylestown, PA
Cumulative GPA =3.4/4.0
RESEARCH
M.S. Thesis Title: The Purple Tide: A case study regarding the effect of
elevation on the patch dynamics of Purple Loosestrife (Lythrum salicaria), in the Great
Swamp of Quakertown
B.S.: Independent study examining the efficiency of a vertical hydroponics
system for horticultural use, specifically comparing and contrasting fruit, flower, and
vegetative growth of several species.
RESEARCH INTRESTS:
Wetland community ecology, mechanisms ofplant invasions, community
assembly rules, wetland plant physiology
AWARDS AND HONORS
Palmer Grant (Lehigh University): 2002
Earth and Environmental Sciences (LU) Graduate Student Travel Grant: 2002
Earth and Environmental Sciences (LU) Graduate Student Travel Grant: 2003
Who's Who Among College Students: 1997
TEACHING EXPERIENCE
Teaching Assistant (Lehigh University) August 2001- 2003
• Environmental and Organismal Biology Lab, Wetlands, Plants and Plant
Communities
83
Invited Lectures
• "The Wilderness: Your Supermarket for Survival" Sept. 2000
o Nestor's Outfitting Store, Quakertown, PA
o Interactive lecture on edible species of northeastern ecosystems
• "Interacting with our environment" Sept. 2000 - 2002
o Upper Perkiomen Middle School, Perkiomen PA
o Multi-media lecture covering various uses of wild plants
PROFESSIONAL ACTIVITIES
Chair, Environmental Preservation subcommittee for Richland PA 2000 -2001
American Botanical Society - 1999 to present
Pennsylvania Association of Professional Soil Scientists - 2001 to present
Soil Science Society of America - 2002 to present
Society of Wetland Scientists - 2002 to present
FIELD EXPERIENCE
Remote sensing, hydrology, and vegetative plant sampling in Quakertown Great
Swamp, PA - summer 2002 to present
Soil Scientist! Wetland Delineator - 2001 to 2002
NOVA Consultants Ltd., 251 Burgundy Ln., Newtown, PA
Soil Scientist! Environmental Consultant
Enviro-Technology and Design Inc P.O. Box 358 Revere, PA.
PUBLICATIONS
Corona, 1., and L. Windham. 2000. "An investigation into the correlation
between physicochemical properties, in various wetland habitats, with the relative
photosynthetic performance and spread of purple loosestrife (Lythrum salicaria)"
• Society of Wetland Scientists 22nd Annual Meeting, Chicago, Illinois
Corona, 1., and L. Windham. 2003. "The Purple Tide: A case study regarding
the effect of elevation on the patch dynamics of Purple Loosestrife (Lythrum
salicaria), in the Great Swamp of Quakertown.
• North Eastern Ecological Conference (NEEC) Annual Meeting, New
Brunswick, NJ
84
ENDOF
TITLE
